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PREFACE 



This report focuses on one area of emphasis undertaken by the 
Illinois Occupational Curriculum Project in developing a model for 
occupational curriculum development and evaluation* Tt is only a part 
of the .total Phase II report on the research and development project 
entitled The Illinois Occupational Curriculum Project, heretofore 
referred to as the Research and Development Project in Occupational 
Education entitled "The Development of Process Models for Decision- 
Making in Curriculum Development and Evaluation." This project Is 
currently In progress at Joliet Junior College, Joliet, Illinois, 
with present efforts directed toward the initial development of a 
systems model designed to assist administrators in decision-making 
related to the development, and evaluation of occupational education 
programs. The project is funded by the State Board of" Vocational 
f-» nw and Ro'hn'h'T 1 j tat-f rm ^ pf y j g’ftw of Voca tlu i ial en d Technical 
Education, Research ..and Development Unit, State of Ill inois . 

Purpose of the Project 

- This project is based on the assumption that more systematic means 
must be developed to assist curriculum pla n ners in the development of 
new progr a ms and, .the continuous evaluation of on— going programs in 
occupational education. 

TVit* following questions serve as the bas i s for the project research 
"and development activities: 
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1 . 



Can ?60CMlizable systems models be developed to provide 
curricu * um planners with a systematic dec is ion -making procedure 
for program identification, development, implementation, and 
evaluation? 

2. Is it possible to develop guidelines for the identification and 
utilization of resources and evaluative criteria in accomplishing 
the activities specified in the systems model? 



Objectives of the Project 
following are the overall project objectives: 

1. To develop systems models for curriculum development and 
evaluation in occupational education. 

To develop guidelines for the utilization and application of the 
systems models. 

3- To test the applicability and usefulness of the systems models 
in a pilot situation at selected institutions offering 
occupational programs . 

4- To develop a plan for dissemination and in-service training 
£ot curriculum planners in the utilization of the systems 
models . 

5. To promote research in related areas. 



Overview of the To«~al Project 

The project is divided into four distinct phases. These are: 
Phase Is Project Planning 

Phase II: Initial Systems Model Development and Preliminary 

Evaluation 

Phase Ills Pilot Testing of the Mbdel 
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Phase IV: In— depth Evaluation of the Project and Dissemination 

of the Findings 

Phase I focused on a review of the literature, while Phase II 
involved the comrarison and evaluation of systems, models, and decision- 
making and the development of a systems model for curriculum development 
and evaluation in occupational education. Phase III and Phase IV are 
proposed for further development, implementation, and evaluation of the 
model . 



Phase I: Project Planning 

Phase I was initiated March 1, 1970, with a grant of $24,550.00 
from the State Board of Vocational Education and Rehabilitation. This 
grant combined with $6,916.00 in local funds providing a total budget 
of $31,466.00 to conduct the project through June 30, 1970. 

The project planning activities centered around three major areas of 
concern identified as being particularly important to the establishment 
of a firm basis for the project: 

1. Review of the literature on models for curriculu m development 
and evaluation. 

2. Review of current thinking on the effects of planned curriculu m 
on social and economic conditions. 

3. Study of potential consultants and resources agencies qual if ied 
to assist in subsequent phases of the project. 

Phase II: Initial Systems Model Development 

And Preliminary Evaluation 

Phase XX was initiated July 1, 1970, with a grant of $67,178.00 
from the State Board of Vocational Education and Rehabil ~i tat ion. This 
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^rant combined* with $16,950.00 in local funds providing a total budget 
of $84,128.00 to conduct the project through June 30, 1971. 

This phase of the project focused on research and development 
activities in four major areas of concern directed toward the initial 
development and validation of a systems model for curriculum development 
and evaluation in occupational education. The following topics served 
as the focus of investigative activities for Phase II of the project: 

1. Investigation of Management Systems 

2. Investigation of Curriculum Models 

3. Identification of Decision-making Practices in Occupational 
Education 

4. Initial Model Development and Testing 

Developmental efforts were executed tc coordinate the findings from 
the aforementioned areas of investigation with the objective of developing 
an ini tial systems model for decision-making in curriculum development 
and evaluation. 



Future Phases of the Project 

Two additional phases of this project are planned. Upon completion 
of Phase II, Phase III is proposed for pilot testing the model. This 
pilot test will provide orientation workshops for the application and 
use of the model , field testing of the model under actual conditions, 
and impl ementa tion of the model in selected institutions. Phase IV will 
provide for an in— depth evaluation of the project and the dissem ina tion 
of findings to other institutions for their use in developing and 
evaluating occupational curricula. 
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CHAPTER I 



HTTRODUCTION 



As educational Institutions become more complex, and the necessity 
Increases for accountability, there is an increasing need for a more 
systematic technique for effective management of curriculum development and 
evaluation. This is especially the case in vocational education where for 
some time state plans and federal legislation have mandated change in 
existing programs and expansion of program offerings not to mention 
improvement in program output. 

The vocational education amendment of 1968 strongly implied past 
practices in vocational education have not been effective or comprehensive 
enough to meet the needs of young people in preparation for employment. 

To execute the mission put forth in this legislation many new programs must 
be identified, developed, and implemented to insure compliance with 
contemporary needs of the student clientele and employer consumer. 

In addition, the voed for improved evaluation methods exists to give 
dix'Mtloo to the modification or termination of many on— going programs. 

As stated in the preface to this report, it is the concern of the 
Illinois Occupational Curriculum Project that a more systematic method be 
developed for use by local school administrators for program identification, 
development, implementation, and evaluation. The assumption held by the 
Illinois Occupational Curr ie ul in n Project is that the application of systems 
m a na g e ii ^n t tec hn iques to planning and decision-making can have a marked 
effect on improving and expa n ding quality occupational programs. 
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This report is intended to present one of the major areas of 
investigation undertaken by the Illinois Occupational Curriculum Project to. 

1. gain a familiarity with the terminology and theory 
of systems modeling; 

2. study the application of systems modeling in various 
management settings; and 

3 • Identify factors to be considered in selecting and 
developing a systems modeling technique for use by 
occupational administrators* 

The contents of this report combined x^rith data gathered in two other 
major areas of investigation undertaken by the Illinois Occupational Curriculi 
Project will form the basis for the development of a systems model and. 
related guidelines for occupational curriculum development and evaluation • 
Other areas of investigation are reported in the Illinois Occupational 
Curriculum Project reports entitled: T ‘An Investigation of Curriculum 

Development and Evaluation Models with Implications Toward A Systems 
Approach to Curriculum Development and Evaluation in Occupational Education * 
and "An Investigation of Decision-Making Practices in Illinois Junior College? 

with Implications Toward A Systems Approach to Curriculum Development and 

\. 

Evaluation in Occupational Education.” 

The procedure followed in completing this investigation included the 
following: 

I. Review of the Literature to: 

A. clarify the meaning of the term “systems", 

B. identify different categorizations of systems, 

C. identify different levels of systems, 

O 
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D. identify factors to consider in the development and 
testing of a system, 

E. clarifv the meaning of the term modeling , 

F. identify factors to consider in modeling the system, 

G. identify factors to consider when applying systems modeling 
to various management problems, 

H. show examples of systems models ♦ 

IX. Visitations with consultants to give direction to review 

literature and analysis of information gathered through this review 
HI. Attend conferences and training sessions on systems modeling to 
gain the expertise necessary to develop a systems model for 
occupational curriculum development and evaluation: 

IV. With consultative assistance identify implications important for 

the development of a systems modeling by the Illinois Occupational 
Curriculum Project; 

V. After reviewing the other Illinois Occupational Curriculum Project 
reports entitled*- "An Investigation of Curriculum Development and 
Evaluation Models with Implications Toward A Systems Approach to 
Curriculum Development and Evaluation in Occupational Education", 
and "An Investigation of Decision-Making Practices in Illinois 
Junior Colleges with Implications Toward A Systems Approach to 
Curriculum Development and Evaluation in Occupational Education", 
and a related report titled, "The Application of Organizational 
Systems Theory to Curriculum Development and Evaluation , 

complete the selection of a systems modeling technique and the 

* 

development of a systems model for use by occupational administrate 
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REVIEW OF LITERATURE 



This chapter represents a review of selected literature in an attempt 
to better define the terms “systems" and "modeling" and Identify factors 
to consider in the application of systems modeling to various managment 
problems. 

Part I 

What is a System? 



Defining the term "System" 

The term "system" Is now being used frequently in nearly all disci- 
plines and occupational areas, for example, electronic systems, servo- 
control systems, production systems, financial systems, management systems, 
teaching or ins tructional systems, social systems, and Cybernetic Systems. 
At the outset, one could sur mi se that 'system' Is either a broad term or It 
Is being used very loosely. The following constitutes definitions of the 
term as offered by selected authors. 

Hal 1 and Fagen(15) define a system as; 

... a set of objects together with relationships between objects 
and their attributes. Objects are seen as parts or components 
of a system, attributes as properties of objects, and relation- 
ships as the wherewithal to tie the system together. 

Ryan (31: 8) defines a system as; 

... a bounded organization of interdependent interrelated com- 
ponents maintained in a stable state of relatedness to each other, 
the total system and the environment by standard modes of opera- 
tion an d feedback from the environment for the purpose of accom- 
plishing stated goals. 
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Silvern (36:1) defines a system as: 
whole itself. 

Heinich(19:4) refers to operational systems. He states that: 

insuring continuous, orderly, and effective or ^ 
toward a stated goal* . • 

In his book, "Instructional Systems", Banathy (4:12) defines system as 

. . . assemblages of parts that are designed 

man into organized wholes for the a J ta *f“J"* ® £ th ? Q ugh 

purposes. Thu of the system 
processes in which interacting compou wot . Purpose 

engage in order to produce a pre. -ill SW 
determines the process required, and the proc 
the kinds of components that will make up the y 

Reviewing these definitions, one can note minor differences in terminology 
and scope of the definitions, for example. Hall and Fagen refer to the 
parts of a system as -objects" whereas Ryan and others used the term 
-components" to mean the same. Heinich, Ryan, and Banathy suggest quali- 
fications for an effective and efficient control of a system as a part of 



ttieir definitions- 

Each of the definitions reviewed show the use of the term "system 
in a generic sense referring to a whole in which components and the re- 
lationship of the components to each other and to the whole have been 
identified. The application of the term "system" can thus be made with 
respect to any: whole, natural or man-made. Silvern supports this con- 
tention when he concludes "A system is what the person identifying it 
says that it is" (36:;24). 



O 

ERIC 



13 



6 



Boulding <?); offers additional support when he conceptualizes general 
systems theory as a skeleton of science providing a framework on which to 
hang the contents of particular disciplines and areas of subject matter in an 
orderly body of knowledge. 

Von Bertalanffy (40 > 41)further points out that there are models, 
principles and laws which are generalizable to systems without regard for 
the nature and relation of the elements. 

All of this is not meant to suggest that there is a lack of general 
principles and theory that apply to all systems. Ryan (31:8) states that 
systems can be characterized as: 

1. organized and orderly: 

2. comprised of objects, elements or components and relation— 
ships among components and between components and the whole; 

3. functioning as a whole by virtue of interdependence of its 
parts; 

4. synthesized in an environment to accomplish progress to a 
goal ; and 

5. possessed of structure, function and development. 

Ryan (31 : 9— 10) goes on to offer four general principles that have been 

applied to the study of operating systems or in the design of a new system. 

Principle 1 : The greater the degree of wholeness in 

the system> the more efficient the system — 

Xn any system, some degree of who leness must exist. 

Wholeness is defined by the degree to which every 
part of the system related to every other part in 
such a way that a change in one part causes a 
change in other parts and in the total system. ... 
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Principle 2z The preater the degree of systematization , 
the more efficient the operation of the system — 
Systematization refers to degree of strength in the 
signal paths or relationships among parts of the 
system. In a system in which the parts are only 
loosely tied together, replacement or retooling of 
system parts may be in order if the desired level of 
tightness in the system Is to be achieved. ... 

Principle 3 : The greater the degree of compa tibility 

between system and environment . the more effective 
the system — Compatibility refers to the extent to 
which a system Is geared to a particular environment. 

A syst em sho ul d be constructed In such a way as to 
match a given environment. 

Principle 4 r The greater the degree of o ptimization, 
the more effective the system — Optimization is 
defined as the degree of congruence between system 
synthesis and system purpose . A system should be 
adapted to Its environment In such a way as to 
secure the best possible performance for a given 
purpose. 

Categorizations of Systems 

From the writings of the authors providing definitions of systems 
it Is also apparent that systems can be categorized as natural or man-made. 



Scientists have long devoted their efforts to the better understanding of 



such natural systems as the solar system, weather system, plantlife and 
animal systems • They have formulated theories as to the components of 
these systems and relationships of these components to each other and to 
the whole. 

Man has also constructed systems in an attempt to order the components 



of a production process, training program, research study,.ett. Examples 
of man-made systems will be presented later in this chapter. 

Literature also establishes that in theory systems can be categorized 
as open and closed. A system Is closed If there Is no exchange of energies 
or materials in any form, such as, information, heat, and physical materials 

between the system and the outside environment - 

O 

ERIC 



±5 



8 



A closed system may also be referred to as an Independent system or a 
system having a closed boundary. 

Authors studied offer no real examples of closed systems ’which 



suggest that most systems do not exist independent of some import or export 
of information, objects, etc- However, for analysis many systems or 
aspects of these systems are considered as closed systems. 

Open systems on the other hand are ones in which there is an exchange 
of materials, energies or information between the system and its environment 
and may be called a dependent system. For example, living systems 
(animal or plantlife) are open, characterized by Intake and output of 
both matter and energy, achievement and maintenance of steady homeo- static 
states, increasing order over time, and transactional commerce with the 
environment (2) . 



Forrester (12:15—18) writing about the importance of structure in a 
system offers the following four significant hierarchies of structure: 

1 . Closed Boundary - The behavior models of 

interest are generated 
within the boundaries of 
the defined system. IJhat 
crosses the boundary is not 
essential in creating the 
causes and symptoms of the 
particular behavior being 
explored. 

2. Feedback Loops Within the boundary, the system 

is seen as one composed of feed- 
back loops. Every decision 
exists within one or more 
such loops. The loops 
interact 'zo produce the 
system behavior . 
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3. Levels and Races - Loops are themselves composed of two 

classes of variables called levels and 
races. Levels are Che Integrations, 
accumulations, or states of a system. 
Rates are the policy statements, 
activity variables, or flows that depend 
on the levels and are integrated to 
produce the levels. 

4. Variables - (Goal, Observed Conditions, Discrepancy 

between Goal and Observed Conditions, 
and Desired Action) Level variables are 
generated by the process of integration 
and have no significant sub-substructure 
except for the rates flowing into them. 
Fate variables are the policy statements 
of the system and do have an identifiable 
sub-substructure. Within each there is 
explicitly or implicitly a statement of 
the goal of that decision making point 
in the system, the observed condition, a 
discrepancy based on the relationship of 
goal and observed condition, and the 
desired action that results from the 
discrepancy . 

The first hierarchy refers to what has been defined as a closed or 
independent system. The tens closed system should not be confused with a 
closed— loop system or closed— loop within a system. A closed— loop exists when 
a portion of an output is fed back to an input point affecting succeeding 
outputs. The system itself may be a closed loop and/or the system may have 
several closed loops within it. The closed— loop, consisting of elements and 
"their signal paths, of course, could be thought of as a subsystem. 

The nature, kind and intensity of feedback determines to considerable - 
extent the degree of stability of a system. The feedback loop is considered 
to be positive or negative depending on how it affects the system. This 
dep e nds on the polarity or algebraic sense of influence around - the loop. 
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Positive feedback has polarity around the loop such that the output 
fed back to the input causes an increase in output (12:11) - Positive 
feedback can cause a system to become very unstable. 

Negative feedback causes the loop to be goal -seeking. A departure 
from the reference point or steadystate condition produces action tending ' 
to return the system toward an equilibrium position that is the goal. 

This type of system tends to maintain a constant output with varying 
input (12:11). 

Locking further at the categorization of systems, one finds that the 

differentiation of linear and non-linear systems exists with some authors. 

Forrester (12:11) states that: 

A system is non-linear if it contains a multiplication 
or division of variables or if it has a coefficient 
which is a function of a variable. 

According to this definition, the concern for linearity or non-linearity 
would exist primarily with systems that are represented in a mathematical 
form and has little application to other systems except in a very 
theoretical sense. 

Levels of Systems 

Almost any system that you want to identify could be considered a part 
of a larger system and is also very likely made up of subparts which are 
themselves systems. This brings up a problem of terminology in identifying 
levels of systems. 

Silvern handing this problem as follows: 

A SYSTEM may be analyzed into its parts. The 
major parts of a SYSTEM, also known as the 
major functions, are called SUBSYSTEMS. A 
SYSTEM must have two or more SUBSYSTEMS. If 
it has only one SUBSYSTEM, then that SUBSYSTEM 
is not a SUBSYSTEM but it is the SYSTEM itself. 

C36*l2$>. 
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rhe SUPERSYSTEM is a whole in which the major 
functions at the first level are SYSTEMS. 
Normally, the SUPERSYSTE M is conceptualized 
during the process of SYNTHESIS rather than 
ANALYSIS. It results from an awareness and 
a discovery that the SYSTEM being studied 
has some relationship with one or more other 
SYSTEM and that this was unknown. Identifying 
the other SYSTEM or SYSTEMS, relating them 
and combining them into a new whole, called 
a SUPER SYSTEM, is the process of SYNTHESIS. 
(36:126). 

The SUPRASYSTEM is a whole in which the major 
functions at the first level are SUPERSYSTEMS. 
As in the case of the SUPER SYSTEM , normally it 
is the process of SYNTHESIS which produces the 
SUPRASYSTEM. The SUPRASYSTEM in formal 
education and training in the United States 
has not yet been conceptualized as far 
as is known. (36:126). 



Analysis and Synthesis of Systems 

A system is identified when a boundary is established within which 
everything is a part or element of the system. These elem en ts may then be 
analyzed. Analysis requires the process of identifying, relating, 
separating, and limiting. When the system being analyzed consists of 
objects, actions and information, techniques of analysis are applied to 
the objects, actions, and information. 

Silvern (36:1) def ines analysis as: 

process which Is the breaking down of a whole into 
its parts showing the relationship of the parts to 
each o ther and to the whole Itself. A known or exisiing 
whole SYSTEM, when broken down into its constituent 
parts or el ements , meanwhile ret aining a meanin gful 
relation of the parts to each other and to the greater 
whole, has been 'analyzed. 

Analysis Is the process by which an existing uholc is e x a min ed . After the 
process of analysis it may be desirable to relate the parts identified in a 
new way. The relating of parts in a new way is the process of synthesis which 
O is used to create a new whole. 

ERIC 
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Silvern (36:3) defines "synthesis'* as: 

... the process of combining non-related elements into 
a meaningful relationship such that the new product 
is a whole SYSTEM. SYNTHESIS Is widely used in 
engineering as a synonym for Invention, innovation, 
creation, and design. Invention is essentially 
uncontaminated by an existing system and therefore 
produces an output as the result of the process of 
SYNTHESIS. 

Factors to Consider in the Development and Testing o f a System 

The combination of analysis and synt h es i s can bring about the conceptu- 
alization of a new system or modified system. This is the. first step in the 
process of developing a system which is illustrated in Figure 1. Once the 
new relationships have been conceptualized a prototype must be fabricated. 

This prototype of the new system then goes through the s imula tion process 
in order to see how it will function in the real life operation. 

The box labeled "S imula te** in Figure 1 has three parts; "test prototype", 
"identify performance criteria", and "identify real life environment." 

The testing of the prototype requires two sources of information; the 
performance criteria (objectives) of the system, and the real life 
environment in which the system will operate. From the resul~s of the 
simulation process the prototype will be debugged and, if necessary, sent 
back to "fabrication" and then "simulation" again. 

When the prototype passes the simulation test, the new operational 
system is fabricated and maintained. There is a feedback from "maintain" 
to "fabricate" for keeping the system updated and operati onal . When the 
system ceases to be of sufficient value, it should be eliminated as shown 
by the last box in the model for developing a system. 
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The maintenance and/or elimination of a system Is Important. Sometimes 

systems are used or kept In use more out of tradition rather than because 

they perform a needed function. Banathy (3:12) explains that: 

A system receives Its purpose. Its Input, 

Its resources, and Its constraints from 
Its suprasystem. In order to maintain 
Itself, a system has to produce an 
output which satisfies the suprasystem. 





Figure 1. Flow— chart model describing the process of developing a s y st e m . 

Silvern, L.C. Systems Engineering of Education I : Evolution of Syst«»"** 

Th inki ng In E du ca tion . Los Angeles: Education and Training Consultants Co., 
1968, p. 113. 
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The key criterion for evaluating a system as suggested by Sana thy is (3:13) 

... how closely the output of the system 
satisfies the purpose for which it e xis ts. 



Part IX 

What is Modeling? 



Defining the Term ’’Model " 

The term "model" is as widely used as the term "system" and more 

recently the two have been used in conjunction. However, the term "model" 

is probably not as frequently misinterpreted or used without a reasonable 

understanding of its meaning as the term "system." Focusing first on the 

term "model". Silvern (36: 27) writes: 

... a model is defined as a conceptualization in 
the form of an equation, a physical device, a 
narrative or graphic analog representing a real— 

Hf® situation. Consequently, the ideal is always 
a concept of real-life either as it is or as it 
should be, and the model has a degree of fidelity 
appropriate to the purpose for which it is created. 

Ryan's definition of a model simply states that it is an abstraction of 

some aspect: of the real world in an attempt to represent reality (31:27) : 

A model is simply an abstraction of the real 
world in an attempt to represent reality. 

To build a model, one simply selects those 
elements from the system under analysis which 
one deems as being relevant to the problem. 

Very seldom, if ever, would such a model 
contain all the elements of the system being 
modeled. Complex models used with electronic 
computers may represent several aspects of the 
rea l world situation but to represent all 
aspects of most systems would be a prohibitive 
task. 
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Wallhaus (42:125—126) defines models in much the same way as Ryan and 
classifies them as follows : 

1. Structural models, limited to depicting the 
elements of the system and the relationships 
(eg * graphical representation) . 

2 • Functional models. 

3. An Iconic model, f looks like the object it represents. f 

4. Analogue model, substitutes one property for another. 

From these definitions it can be concluded that models are simply 

physical or abstract representations of some real object, situation, or 
activity, etc. Further, all models whether physical or abstract can be 
classified as structural, functional, iconic, or analogue. In addition, 
abstract models may represent the real-world in mathetmatical, graphic, or 
narrative form or any combination of these. 



Modeling A System 

To begin modeling a system or portion of a system that has been 
identified, one of the first concerns is to identify the purpose of the 
model — what aspect of the real system is to be modeled. Wallhaus (42:128) 
says that : 



Since a model is a representation of a set of entities 
and the relationships between them it is necessary to 
define what set of components is to be included in a 
model. 

Again, Wall h aus (42:127) states that: 




In order to properly design a model it Is necessary to 
identify Its purpose. Models are generally utilized 
in one of the following ways . 

(1) they may permit feasible and economical 

experimentation on real-world systems without 
incurring the costs, risks, and expenditures 
of time which may be required in actuality. 
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(2) they allow us to formulate, communicate, and 
discuss hypotheses, 

(3) they bring about an understanding of the 
system variables and their relationships, 

(4) they make it possible to forecast and 
project for planning and decision making, 

(5) they allow control of the time scale. Real- 
world processes occur over long periods of 
time. Modeling can allow long time intervals 
to be collapsed, and 

(6) they enable us to control and monitor real- 
world processes . 

Another concern in constructing a model, especially a mathematical model, 

is how to represent or quantify and relate the variables. The data to 

feed the model is very important. For the model to operate properly the 

data must be of sufficient type, quantity and quality. Concerning this 

Kilbridge, et al, <22) points out that: 

. . .. models without data are-sterile. What is needed is not 

merely more data but the right data in the right form. 

To collect or record data meaningfully requires at least 
a working hypothesis as to how it will be used ; without 
this, there is no rationale for deciding what data to 
collect, no principle for ordering the data, once 
gathered. To be useful, data must be kept over time 
so that it can be used for trends, time series, and 
comparisons . 

To this Wallhaus .(42:129) adds this word of caution: 

The model cannot be data driven, that is, entirely 
influenced by what data are available; but it is 
unrealistic to construct 3 model and then hope that 
the necessary data can be obtained. 

Once the model is developed, the success or validation of a model must be 

in terms of the original purpose of the model. McKenrey (2fi) states that: 

The criteria for success is: Does the model fulfill its 
purpose? .... The issue of M is the model true or not* 7 
may be dormant since the important question is : Will 
it allow reasonable estimates of an ant* cipatory 
nature. ... Whether a model has predicted or not 
is often a function of what the prediction is to 
be used for. 
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Concerning validation, Wallhaus (12:136) concludes that: 

In summary, validation attempts to prove that 
the model is a reasonably true representation 
of reality within the context of its purpose. 

While a number of techniques for accomplishing 
this verification have been identified. . 
the state of the art is something less than 
satisfying. 

Simulation is a means of validating a model. The Webster’s Collegiate 
Dictionary has defined s imul ation as: "to assume the appearance of 
without reality." 

A simulator would be a device and may fce a model but s imul ation is a 
process, therefore, it should not be confused with the model itself. 

Silvern (36:121—122) points out that processing data through a model 
using simulation can serve two different functions. First the model can 
be tested and debugged by using valid data. Also, a model that has been 
validated to represent real-life can be used to test new ideas or 
experimental data. 

Some Advantages and Disadvantages of Models 

Assuming that the model is a valid representation of some aspect (s) 
of the real world system, the question may be asked: What is the real 

utility of the model or the process of modeling? This would, of course, 
depend on the nature and use of the system being modeled. In general, 

Kraft and Lotta (”23:28) cover not only the main advantages but also some 
principle disadvantages of using models as listed below. The following are 
the main advantages of using models in systems analysis: 

1. Models provide a simplified abstraction of a 
complex real world problem. 

2. Models provide a frame of reference for 
consideration of the problem. 
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3. Models sometimes suggest information gaps 
which before were not Immediately apparent. 

4. Models provide a ’‘handle" to evaluate and 
study complex problems. 

5. The construction or attempt tc construct a 
model forces one to truly analyze as many 
of the real world attributes as possible. 

Sometimes this very process may provide 
insight which was otherwise camouflaged or 
unnoticed. 

6. Models provide something which can be man- 
ipulated. 

7 . Models often provide the least expensive 
way to accomplish objectives. 

Some limitations or disadvantages of using models, to mention a few, 
would be as follows: 

1- Models are subject to the usual dangers 
encountered in dealing with abstractions. 

For example, the model may be greatly over- 
simplified and/or not a valid model of the 
desired object system, 

2. The symbolic language used to represent a 
model may not lend itself to being stretched 
to encompass the model. 

3. Some people have a tendency to become "hung-up" 
or infatuated with a model; and, as a result, 
their effectiveness in offering a solution to 
the problem becomes very limited. 

Part III 

Factors to Consider tJhen Developing 
Systems Models for Management 

The previous two parts of this chapter have attempted to define the 
common use of the terms "system" and "model". This part deals with con- 
siderations important to the manager when considering the use of systems 
models to organize and control various activities or functions. 
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Discussing management George (13:4) points out that: 

Every activity which we undertake involves an element that brings 
coordination or cohesiveness to the activity. Without this 
cohesiveness our acts would be ineffective st umo ling , perhaps 
random and unproductive • Tnis element that infuses plan and 
objective as well as cohesion to activities may be called 
management . 

According to this definition, management ranges from coordinating very 
simple to very complex activities* This coordination may include receiving, 
sorting, translating, and directing information. Very simple management 
would be a low level of processing information and handling information, 
and there may be very little information involved. The more complex and the 
greater the number of activities that are involved under one manager, the 

XLore complex the management will be* 

George (13:4) sums up a concise definition of management as follows: 

Management consists of getting thinss done through 
others; a manager is one who accomplishes objectives 
by directing the efforts of others. 

Some management may take a great deal of technical knowledge, perception, 

unders tending of world* markets, understanding of finances, supply and demand, 

etc. Other management will be limited to a very narrow technical field or 

very simplistic types of operation. Since management is getting things done 

through others, it can be concluded that the development of systems models 

for use by managers irrespective of the management activity must reflect a 

concern for the capabilities of the persons involved with the system. 

George (13:15) goes on to state that the total job of a manager is to: 

... create an environment conducive to the performance of 
acts of other individuals. (1) to achieve a collective goal 
(commonly called the firm T s goal) , and (2) to achieve one 
or more of the goals of the participating individuals. 
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Due to the complexity of modem day business, industry, schools, government. 

and other organizations , the systems approach to management has gained a 

good deal of attention in recent years. Banathy <4:13) offers a description 

of the systems approach to management when he states? 

The system approach appears to be the application of 
the systems view, or systems th in k i ng, to human 
endeavors . 

George (13:27) similarly writes: 

The systems approach is one in which the things to be m a n aged 
and the tasks of management are viewed as a unit - as a set of 
elements so interrelated that they form an org ani c whole. 

It should be noted that George clearly points out that the things to be 

managed and the tasks to be managed must be considered as a unit to identify 

the boundary of the system to be modeled. 

Not only does the systems approach to mana gement include the identifying 

and relating parts within the whole system, it is also concerned with the 

larger system, ’'supersystem" which Indicates that management systems are 

open systems . Notice also that George and McGregor refer to an organic 

system. McGregor (26:40) states that: 

An industrial organization Is an organic system. It is adaptive 
•fn the sense tha t it changes its nature as a result of changes 
and the external system around it. 

McGregor (26;41) also emphasizes the human aspect of management and refers 
to the industrial organization as a socle— technical system. He explains 
i-h-is term as follows: 

... an i nd ustr ial organization is a socio— technical system. 

It is net a mere assembly of buildings, manpower, money, mac hi nes 
and processes. The system consists in the organization of people 
around various technologies. This means among other things that 
human relations are not an optional feature of an orga ni zation — 
they are a built— iu property. The system exists by virtue of the 
motivated behavior of people. Their re l atio n s hi ps and behavior 
determine the inputs, the transformations and the outputs of 
the system. 
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tnjui thA previous discussion one could conclude that the systems approach 
to management Involves communication and control of both eaulpment and 
activity by people. The complexity of such a system has brought about 
the use of modeling as a tool to identify, study and "manage" such systems. 

The complexity of the management systems and the use of the modeling technique 
is pointed out in the following rather lengthy quotation from Albers (1) • 

He touches on several important factors that were Identified in previous 
sections of this chapter as Important to consider when identifying a system 
and developing a model of the same. 

In his discussion on applications of systems concept to organization 

and management theory Albers states that: 

Business and other organization systems are 
controlled through decisions and information. 

The management process corresponds to the 
control process portrayed in the cybernetics 
model. (1 :78) 

An important advantage of models is that they 
can be used to gain better insights about the 
system being represented. Models can provide 
a basis for prediction if they adequately 
express the nature of the real system. 

Another advantage of models is that they can often 
be used to represent more than one kind of system. 

T h i s idea was expressed on a grand scale by 
Professor Norbert wiener *s concept of cybernetics.* 

The basic elements of the cybernetics model 
correspond to the attributes of many kinds of 
systems, in particular systems that are 
exceedingly complex. <1:75) 



*The term cybernetics " introduced above in relation to systems and « 

has become a fairly common term in several, disciplines. Because of the 
frequent use of the term related to a variety of settings, the origin of 
the term may help clarify its basic meaning. In 1948 Wiener wrote (43:11): 

... as far back as four years ago, the group of 
scientists about Dr. Rosenblueth and myself had 
already become aware of the essential unity of 
0 the set of problems centering about communication, 
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Cybernetics is concerned with the corawml cation and control 
problems necessary to achieve some purpose* Control Is 
partly a problem of feedback which provides self— regulation 
through a comparison of the system’s output with a 
predetermined standard* The Input Into the system may 
be modified If there Is too such variation from the 
output norm. 

Control In the cybe r n etic model may also be 
expressed In terms of the theory of Information* A- 
system be conceived as a for h a nd l in g 

Information (1:75). 

With the development of electronic computers and large data banks M>f v 

V 

Information* more complex management systems can he mod el ed and studied* \ 
These computers can process data for models representing several aspects of 
a complex system* 

In talking about electronic computers and the systems concept Albers 
. (1:76) states that: 

Elaborate models that simulate enviro nmenta l and 
nr g»n< sstUwsl t etll tics can he used to test alternative 
planning strategies* The large variety of planning 
-problems c an be solved through resource allocation* 

Inventory, que uing * and other k-t-wda of mathemat ical models* 
Analogue models such as PEBX have played an Important part 
in p lanning and controlling highly complex projects. Business 
g models have been used extensively for purposes of 
executive develop m ent with a significant amount of 
success. 

^control, and statistical mechanics* whether in the machine 
or In living tissue* On the other hand we were seriously 
hampered by the inflc of unity of the literature concer n i n g 
these problems* and by the absence of any com m on t ermin ology * 

. or even of a single for the field* After m uch consider - 

atlon we have come to the conclusion that a l l the exis ting 
terminology has too heavy a bias to one side or another to 
serve tT«.; future development of the field as well as It 
should! and as happens so often to scientists, we have been 
forced to coin at least one artificial neo-Greek expression 
to fill the gap. We have decided to call the entire field 
of control and communication theory, whether in the machine 
or In the animal by the name Cybernetics, which we form 
from the Greek or "steers^^n-" 
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Part IV 

Example Systems Model Application 

The application of the systems approach to management has yielded many 
example models from business, education, the military, etc. In reviewing 
specific models there is little to he learned since each was developed for 
a specific purpose and situation. Consequently, the purpose of this section 
is not to compare and contrast various systems models, hut rather to simply 
show, selected^ examples..of systems model applications - 

To begin with a very simplistic model would be the mathematical 

equation: 

V - LWH 



where 

V = volume 
L * length 
W ® width 
H = height 



This is a mathematical model representing the relationships of the volume of 
a rectangular container to the dimensions of the rectangular container. 

This model serves very satisfactorily when the dimensions are known and 
when it is desired to find the volume. Also, the equation can be transposed 
so that if volume is known and two dimensions are known, the third 
dimension can be found. Within its limited purpose this mathematical model 
is a very accurate representation of the system ( a rectangular container ) . 
However, the model cannot be used to determine ratios of the sides to each 
other or to predict any other characteristics of the container as a system. 

If the length needs to be twice the width and the height one-half of 
the width, then the equation must be modified to accurately represent the 
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The equation would then be: 
V ■ B x 2B x 4H 



where 



V * volume 
H - height 



2H » width 
4H - length 



Further simplify ing the mathematical model it becomes 
V * 8H 3 



where 



V » voluase 

H - height of the container 



This mathematical ~del represents rhe volume of a recranpular container 
!m terms of the height of a container having a definite relationship in e 
sire of the sides. This -nation, houever, still does not represent the 
container in physical characteristics - sire, shape, color, etc. or otter 

aspects . 

The mathematical -.del is also used to represent aspects of very complex 
systems. Management as previously described and defined in this report is 
much more coupler than the relationships of volume to the dimensions of a 
rectangular container. Since some of us seem to thin* best or understand 
best when concepts are expressed ouantatively in a model form, a management 
model can he expressed in mathematical form. As cited by George tt»- 
can be done: 

if me agree that managing consists of physical and 

"SSSlS SSKffSSS-. 

function of group (corporate* an 
then, we could express managing as: 
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Mg » [(Ac + Ap) v (Ec + EpjjJ f (01, Og) 

where 

Ac " conceptual acts 

Ap ■ physical acts 

Ec ■ conceptual environm en t 

Ep « physical environment 

01 » individual objectives 

Og * group (corporate) objectives 

This mathematical representation of management relates the factors identified 
by George to each other and to the overall system of management. This 
mathematical equation, however, cannot be used in the same sense that the 
previous equation yielding the volume of the container. The reason being 
that the variables identified by George for the management model are not 
defined quantatlvely so that specific values can be used but rather this 
model is useful in presenting conceptual relationships. To assist the. .reader 
with the conceptual relationship of the elements making up the management 
model, George goes on to express the management model in the flow-chart 
model as shown in Figure 2. 
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Figure 2. Management represented by simple flow-chart model. 
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This model points out some of the basic factors that go into the 
management model and their relationship. This model does not, however, 
show administration channels of authority or lines of responsibility 
time, resources, etc. Recall that when a system is modeled a specific 
aspect of the system is normally identified as a point of concern and that 
aspect only is modeled. The success of the model then depends on the degree 
that the model represents the aspect of the system being modeled. In this 
case, the concern was to relate the general factors of which management 
consists . 

Figure 3 shows an example of a PERT Network, utilized by the National 
Aeronautics and Space Administration to model those activities necessary to 
complete layout drawings for a specific project. 

* 

The term PERT refers to Program Evaluation and Review Technique — 
which is essentially a management technique employing a graphic model 
as a means of relating activities. PERT, as most often described has been 
widely utilized in government, business and industry, and educational 
settings . 

Basically, the technique consists of a series of events represented by 
circles which are joined by lines representing activities. The completion 
of a given activity represented by a line will result in the following 
event. Activities consume time and resources (man/hours and money) while 
events on the other hand consume no time or resources. 

Use of PERT as a management technique necessitates the establishment 

of clear objectives which in time can be translated into events and major 

events (often called major milestone). 

' * j 

The technique utilized to its fullest allows the manager to /assign a 

man/hour or man/ day value to each activity through the use of the following 
symbols : a = optimistic time; b = pessimistic time; m = most likely time. 
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Figure 3, Sample PERT Network As Used by NASA 
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Using the formula: 

te (average time) = a + 4m + b 

6 

The mana ger can calculate the average time needed to complete an activity. 
Other formulas are then used to calculate the sequence of activites that 
will consume the greatest amount of time and thus determine the critical 
path. In general, because this path will consume the most time In man hours 
It will also have more important cost implications. 

Having this information the manager can choose to alter various 
activites, assign more staff time to some, alter completion dates, etc., 
whatever he considers most expedient in achieving the objectives. 

More recently the computer has been used as a tool to assist managers 
in completing the calculations necessary to effectively utilize the PERT 
technique on more complex projects. 

As the systems get very large the PERT charts get large and complex. 
With the aid of the electronic computer a periodic evaluation of the entire 
project can be made very quickly. The computer can also be programmed to 
determine how resources should be shifted in order to keep activities in the 
critical paths on schedule. Figure 4 is an example of a computer print— out 
for the NASA PERT chart with some of the specific information that might 
shown. By having a number of variables representing time and activity 
status fed into the computer, frequent computer evaluations and pr in t— outs 
can be made to determine the overall status of the project. 
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A PERT chart, then, functions effectively as a communication tool, as a 
logical expression of a project plan, and as a basis for project control. 
These functions yield t'he following advantages. 

1 . Planning (predict) 

2. Reporting status 

3. Delegate responsibility 

4 . Reduced complexity of large systems 

5. Breaks down the uncertainty areas into smaller components 
Basically, then, the PERT network is used to represent time, cost, and 
resource allocation. Usually, this method of modeling does not clearly 
represent such aspects of the system as critical decision points, 
alternative courses of action, and feedback for evaluation and redirecting 
of efforts, administrative relationships, material flow, etc. xn the same 
manner that other types of flow— char t models can do ♦ 

Another modeling technique to represent some aspect of the system is 
the flow-chart model using the Logos language. The term Logos is derived 
from the expression "language for optimizing graphically ordered systems." 
(44:18). (For further explanation, see 44). Briefly, the Logos language 
is midway between a narrative description and a strictly symbolic represen- 
tation of an idea. Basic applications of Logos rely on alpha cnaracters 
forming groups of words or narratives which combined with Logos symbols 
result in a flow-chart as shown in Figure 5. The narrative expressions can 
be replaced by mathematical equations which are combined with the Logos 
symbols to yield a flow-chart as shown in Figure 6. 

•j’jje Logos language can be used to communicate effectively with 
readers preferring words and also with others who prefer the more unambigu- 
ous ter mino logy of mathematics. Figure 7 is an example of a flow-chart model 
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Figure 5 

Brooks, 

Models,” 



Flowchart Model of Automotive Meehaq^n Training Syst'em 

In Operation 

Carl S. "Training System Evaluation Using Mathematical 
Educational Technology . June, 1969. * 
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Figure 6 . Mathematical Model of Automotive Mechanics Training. System 

in Operation 

N * . " Tr ^ ln lng System Evaluation Using Mathematical 
Models, Educational Technology . June, 1969. * ’ 
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using the Logos language as developed by Hosford and Ryan (20) representing 
the development of counseling and guidance programs. 

The boxes represent functions which in this case have a narrative 
description and also are coded with a numeric code . This model has several 
levels of specificity because the major boxes themselves have more detail 
represented by boxes inside them. The detail of a model can be increased 
by showing a breakdown of functions within the more major functions. 

Also, note that as the detail is increased the point numeric code also 
increases in digits. 

Figure 8 shows additional detail of major section 4.0 in Figure 7. 

The signal path represented by a straight solid line having an arrowhead 
indicates the direction, origin and destination of information or material 
flow. It is not within the scope of this document to give all the detail of 
the language, but with this basic knowledge of the system it can be under- 
stood that this modeling technique lends itself to relating parts to each 
other and to the whole. As you examine the system model, you will notice 
that many of the boxes act as decision points in which a decision is made 
determining which alternative path the information or material will flow. 
The multiple arrows leaving a box indicate alternative courses of action 
depending on current circumstances and evaluation. Also, some of the signal 
paths are labeled with an "F" which indicate feedback. Feedback is based on 
some type of evaluation and information that goes back to modifying 
subsequent outputs from the box to which the feedback goes. 

Briefly then, the flow-chart modeling technique using the Logos 
language readily lends itself to relating parts of a system to each other and 
to the system as a whole. This modeling technique voak as it easy to increase 
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the level of specificity in the model by further identifying functions 
within the box to almost endless degree of specificity. Decision points 
clearly show along with alternative courses of action. This type of 
flow-chart model, however, does not lend itself as readily to the 
assignment of time, cost, and other resource allocation to individual 

components . 
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CHAPTER III 



FINDINGS AND IMPLICATIONS 

Literature reviewed in the preceding chapter of this report offered 
definitions of the term "system” and "model", as well as considerations 
important to the utilization of systems models as a management tool. 
Summary of Findings 

Based on the review of literature the following list of factors 
to consider when developing systems models has been prepared. 

1 . The use of systems can help accomplish the following tasks • 

a. Optimize outcomes 

b. Organize goals and objectives 

c. Identify missions and purposes 

2. Some steps to be used in modeling a situation are as follows: 

a. Look at the situation 

b. Describe the problem in behavioral terms 

c. Identify terminal goals 

d. Determine what the constraints are 

e. Identify sub goals 

f . Establish priorities 

g. Insur e tha t all activities lead to the terminal goal 

3. Four steps in using the systems technique Include the following: 

a. Analyze — separate and re l ate component parts 

b. Synthesize - put parts together, related In a new way to make 
a new whole 
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c. Model - represent the real world in graphic, narrative or 
mathematical, etc. form 

d. Si mula te - test or use under conditions s imil ar to the real 
world 

4. Four principles important with use of systems techniques are 



included here in no particular order or priority: 

a. System wholeness — the more wholeness a system has, the more 



efficient the system will be 

b. Systematization — the more strength there is in the relation- 
ship of elements, the more efficient the system will be 

c. Compatibility to environment 

d- Optimization - purpose of the system agreed to the objectives 

5. The systems principal is not experimental; it is a method of 
selecting alternatives. Goals are very broad. From goals, one 
needs to relate, to restate, clarify, quantify, and define the 
go al s to produce objectives. From goals, one goes to objectives, 
to output indicators, to criteria. As an example, a model called 
SPTO (Simulation, Population, Treatment, and Outcomes) identifies 
what is to be done, who is to do it, under what conditions, and 
what criteria will be used to measure. 

6. The steps to be followed in mod elin g are as follows; 
a- Identify the problem in five words or less 

b. State the general goals 

c. Write the i deal objectives for performance, conditions, and 
standards 

d. Write the operational objectives for performance, conditions. 




and standards 

e. Check the quality of the objec-tives 
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Implications 

The following findings and implications for the Illinois Occupational 
Curriculum Project are based on the previous review of literature and 
opinions offered by consultants . 

1 • The development of a model for the Illinois Occupational Curriculum 
Project should involve the identification of factors relating to 
the occupational curriculum whether within the institution or 
outside the institution and, in turn relating these factors to 
each other and to the curriculum system as a whole. 

2. The development of a systems model for occupational curriculum 

development and evaluation will necessitate that a clear definition 
of purpose be prepared. 

3* The Illinois Occupational Curriculum Project systems model should 
be developed to include the following characteristics: 

(1) organized and orderly; (2) comprised of objects, elements, 
components and relationships, among components and between 
components and the whole (3) function as a whole by virtue of 
interdependence of its parts * (4) synthesized in an environment 
to accomplish progress coward a goal; and (5) possessed of structure, 
function and development . 

4. The Illinois Occupational Curriculum Project systems model should 
be constructed considering general principles of systems including: 
(1) The greater the degree of wholeness in the system, the more 
e fflcient the system; (2) the greater the degree of systematization, 
the more efficient the operation of the system; (3) the greater the 
degree of compatibility between system and environment, the more 
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effective the system: (A) the greater the degree of congruence 
between system synthesis and system purpose, the more effective 
the system. 

5. The Illinois Occupational Curriculum Project systems model should 
consist of sufficient feedback, loops for evaluation to monitor the 
direction .of activities or re-evaluate alternatives so that 
direction may be altered if needed. 

6. The Illinois Occupational Curriculum Project systems model should 
be developed through the process of anasynthesis which is the 
process of analysis, synthesis, modeling and simulation. Analysis of 
known systems and elements into their elements and the synthesis of 
these elements into new relations making new systems . 

*7. The Illinois Occupational Curriculum Project systems model must 
receive its purpose, its inputs, its resources, and constraints 
from the larger, or supersystem. The real measure of success of the 
Illinois Occupational Curriculum Project systems model will be 
measured by the degree to which It satisfies the need existing in 
the larger system, that being the educational institution util Izing 
it. 

*8. The Ill in ois Occupational Curriculum Project systems model should 
be a representation of selected factors affecting occupational 
curriculum within the real world system. The systems model cannot 
represent all of the aspects or factors within the real world system 
but to a reasonable degree it should represent the factors that 
need to be considered In developing and evaluating occupational 
curriculum . 
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*9. The Illinois Occupational Curriculum Project systems mod^l must be 
designed and developed considering the data that is available and 
the data that -is feasible to obtain. The model cannot be data 
driven (designed for readily available data) and yet the model can- 
not be developed demanding data that cannot be obtained. 

10. A criterion for evaluating the Illinois Occupational Curriculum 
Project systems model should be the extent to "which it represents 
the real system and its resultant usefulness to curriculum planners 

11. The Illinois Occupational Curriculum Project systems model will of 
necessity be complex because occupational education is a socio— 
technical system including technical information along with the 
human aspects. The Illinois Occupational Curricu l u m Project 
systems model must be developed, considering the institution as a 
system, the subsystems within the institutions in which it will 
be utilized, and the individuals that will work with the system. 

12. After careful identification of the components thought to be 
important to the system of occupational curriculum development and 
evaluation and the initial development of a system model for the 
same, field testing should be employed for the purpose of debugging 
and validating the Illinois Occupational Curriculum Project systems 
model. 

13. The selection of a modeling technique should be made considering 

the purpose the model will serve. 

* To identify considerations related to these implications the Illinois 
Occupational Curriculum Project completed a study of present practices 
in decision making by curriculum planners in occupational education. 

(An Investigation of Decision Making Practices in I ll i nois Junior 
Colleges with Implications Toward A Systems Approach to Curriculum 
Development and Evaluating in Occupational Education) . 
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chapter iv 



MODELING TEC^QDE USED BY ILLINOIS OCCUPATIONAL CURRICULUM PROJECT 

The prevl^ 1 * 5 chapters of this report presented a basic background of 
systems roodeliP^ and considerations important when utilizing systems models 
for management P u ^Pose- Prom these investigative activities specific 
findings and inculcations were drawn for the development of a systems model 
in occupational ^ucation for the Illinois Occupational Curriculum Project. 
This* chapter of **he report reviews the selection of the modeling technique 
and the development of the systems model by the project staff of the 
Illinois Occnt>a c ^°nal Curriculum Project. 

As a restf^ of investigative activities including: reviewing the 
literature ccmc e3r hing systems, modeling techniques, application of systems 
models to manag^^nt, visiting with personnel in the field having expertise 
in the systems y a nd attending a systems modeling training session, it was 
decided that th^ Plow chart modeling technique using Logos language would be 
used by the 1 11 is Occupational Curriculum Project. 

Recalling **He definition of a systems model, a model is a representa- 
tion of the rea^ System and the selection of the modeling technique for 
representing System depends on the purpose and function of the model 
and the sy s tec: ^ represents- It was felt that the flow chart modeling 
technique using T "°gos language combined with narrative guidelines and 
specific ac instructions would lend itself more readily to utilization 

by local school a< fciinistrators . 
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This technique allows the system to be modeled at a very general level 
of specificity relating the major components and then expanding with 
greater specificity within components. As the major components are 



of the model to increasing detail and relating these components to each 
other and to the system as a whole. Also, using this flow 'chart mddelijag 
technique made it easy to show the relationships of activities, the 
decision points and the alternatives available at the decision points. 

The intitial concern of the Illinois Occupational Curriculum Project is 
more in being able to relate the parts to each other and to the whole 
showing the activities to be completed, their relat ve sequence, decision 
points, and alternatives. The use of the management technique such as 
PERT may be recommended as a part of Implementing the systems model in a 
local school setting . 

The project staff developed a flow chart model as the skeleton for 
the content of the overall system of occupational curriculum development and 
evaluation. Identifying the content parts or components of the system served 
as the focus of two other areas of investigation carried on oy the Illinois 
Occupational Curriculum Project. These investigations are reported in the 
following project reports. i: An Investigation of Curriculum Development and 
Evaluation TTodels with Implications Toward A Systems Approach to Curriculum 
Development and Evaluation in Occupational Education." Unpublished 
Illinois Occupational Curriculum Project report, Joliet Junior College, 
Joliet, Illinois: Nay, 1971; and, fi An Investigation of Decision-Making 

Practices in Illinois Junior Colleges with Implications Toward A Syst ems 
Approach to Curriculum Development and Evaluation in Occupational Education.” 
Unpublished Illinois Occupational Curriculum Project report, Joliet J uni or 



subdivided into the subsystems it is easy to expand the major components 




;e, Joliet, Illinois: May, 1971. 
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These studies served as a basis for identifying and relating the parts 
to each other and to the whole system. As previously mentioned, the flow 
chart model began at a low level of specificity showing only a few major 
components of the system. These components were gradually subdivided 
increasing the level of specificity of the flow chart model showing more 
detailed components. (A copy of one of the initial drafts of the Illinois 
Occupational Curriculum Project flow chart model is contained in Appendix A) . 
The flow chart modeling technique appeared to also lend itself to flexibility 
of vise by administrators. The administrator would be free to select 
alternatives according to his own situation and, if it was felt necessary, 
he could even exclude sections of the model. 

As this flow chart model became increasingly complex, it appeared that 
the format most helpful to administrators would be to identify key questions 
that would be asked at major decision points in the flow chart model. 

Based on these key questions, procedures and activities were carefully 
spelled out that would give an administrator assistance in obtaining objective 
answers to the key question identified. To assist in executing these 
specific activities sample materials and correspondence were developed to 
accompany these suggested activities. In using this type of format the 
administrator has the option of following the materials in a very systematic 
procedure or if time and manpower does not permit the execution of all 
suggested activities, the administrator may go to any particular section of 
the model and obtain assistance in making decisions. 

Copies of the guidelines and activities developed by the Illinois 
Occupational Curriculum Project are available upon request as well as an 
updated copy of the graphic flow chart model. These documents have not been 

appended to this report due to their size and developmental state. 
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APPENDIX A 



Initial Draft of Flow Chart 'Model for Occupational 
Curriculum Identification Development, 
Implementation and Evaluation 

Developed by the 

Illinois Occupational Curriculum Project 
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